Tuberculosis (TB) remains a global public health emergency and claims the lives of more people annually than any other infectious disease. TB disproportionately affects people living in poverty, with 95% of cases and 98% of deaths occurring in developing countries [1] . In high income countries, TB is now concentrated in populations who originate from high burden countries and in socially vulnerable and excluded groups, including homeless people, drug and alcohol users and prisoners. These populations often experience poor access to health services and are at increased risk of delayed diagnosis, onward transmission, drug resistance, severe disease and preventable death.
Despite a decline in reported TB cases since 2011, London accounted for 2210 of the 5664 cases reported in England in 2016; this amounts to 40% of all cases reported nationally and equates to more TB cases than the Netherlands (889 cases), Greece (443), Norway (299) and Denmark (330) combined [2] . The recent decline in cases has not been seen among homeless and vulnerable populations who now account for one in six of all TB cases reported in London, where the numbers of people sleeping rough has more than doubled since 2010 [3] . TB patients in London with social risk factors are more likely to be infectious, have drug-resistant TB and not complete treatment, and homelessness is an independent risk factor for multidrug-resistant TB [4] .
Active case finding using targeted mobile digital radiology is widely recommended and used in high income countries to reduce diagnostic delays and prevent onward transmission. Find&Treat are a specialist outreach team dedicated to the early detection and management of TB and blood-borne viral disease among homeless and vulnerable people. The team operate a Mobile Health Unit (MHU) routinely targeting homeless hostels, day centres, street kitchens and drug treatment services in London, and throughout the UK, in response to TB incidents and outbreaks. The MHU is equipped to provide digital chest radiographs, which are interpreted on the spot by experienced reporting radiographers, to identify abnormalities consistent with active pulmonary TB. Radiography alone is not diagnostic for pulmonary TB and patients with abnormal chest radiographs are required to provide sputum samples or attend local healthcare facilities for further investigations. This delay in diagnosis confirmation increases the risk of vulnerable patients disengaging from services and becoming lost to follow-up care. The Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA) is a nucleic acid amplification test that simultaneously detects Mycobacterium tuberculosis complex and markers of rifampicin resistance in less than 2 h. This test has the potential to allow patients with abnormal chest radiographs to be investigated in the community. However, roll-out beyond laboratory settings in high income countries has been limited by health and safety considerations regarding sputum sample handling. To overcome this, the Find&Treat service sourced and utilised a "septum sample pot", which allows samples to be treated and processed safely on the MHU. Ethical approval for this study was granted by the NRES Committee East of England -Essex, Research Ethics Committee (On March 20, 2014; reference: 10/H0302/51).
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The Xpert MTB/RIF assay can rapidly diagnose tuberculosis, but sputum samples cannot be safely processed unless in a lab. The septum sample pot allows safe handling of sputum and has allowed a mobile TB unit to run the assay in community settings. http://ow.ly/HOA130mS6LG
The MHU is equipped with a Gene Xpert IV system (Cepheid) to run the Xpert MTB/RIF assay as a point-of-care (POC) test. The high sensitivity and specificity of the assay has been extensively studied and it is now recommended by the World Health Organization for TB diagnosis [5, 6] . Following addition of the sample to a cartridge, the assay is entirely automated. One of the major barriers to the roll-out of the Xpert MTB/RIF assay in the community is the biosafety requirements of adding the sample reagent to the sputum sample, vortexing or shaking vigorously (and so potentially producing aerosolised droplet nuclei of M. tuberculosis) and then adding the processed sample to the cartridge. This is typically performed in a microbiological safety cabinet, which is not available to the staff of the MHU. To overcome the risk of producing aerosolised droplet nuclei, patients with abnormal chest radiographs are given a "septum sample pot" (figure 1), which comprises a container with a rubber VACUETTE valve stopper ( product number 724300, Urine Beaker with Safety Stopper 100 mL, white lid, single-packed, sterile; Greiner Bio-One GmbH, Kremsmünster, Austria). Patients step off the MHU to produce a sputum sample in the open air and away from other people to avoid possible transmission of M. tuberculosis or other airborne pathogens. The lid is fastened by the patient once the sputum sample has been added and can then be safely transferred to staff on the MHU. The Xpert MTB/RIF sample reagent is then added with a pipette that enters through the valve (septum) on the lid, the pipette is then removed, disposed of appropriately, and the septum self-seals allowing the sample and reagent to be mixed through vigorous shaking. This sample reagent lyses M. tuberculosis and therefore makes the sample safe to work with. Studies have shown that when live M. tuberculosis cultures were added to fresh sputum samples and treated with the sample reagent in a 1:2 ratio, an 8-log decrease in viability was observed following an incubation time of 15 min [7] . The processed sample can then be retrieved using a separate pipette, again through the septum valve, and added to the Xpert cartridge. Training of MHU personnel covers the need for an adequate sputum sample volume (minimum 2 mL). Staff can estimate the volume of sputum visually and are trained to add 2-3 times this volume of sample reagent using a plastic pipette via the rubber septum. In addition, staff assess the quality of sputum and reject salivary samples that may provide false negative results.
Prior to the implementation of the Xpert MTB/RIF assay, a TB nurse specialist or outreach worker accompanied patients with suspected pulmonary TB to local hospitals for assessment, conventional microbiological investigation and possible admission. The MHU screens between 8000-10 000 patients annually. Approximately 1% of patients screened have abnormal chest radiology suggestive of active TB; however, approximately 75% of referred patients are subsequently diagnosed as negative for active TB. The resource implications of referrals, including staff time during the accompanied visit, administration, clinician time, and urgent pathology samples sent to the laboratories is significant. In addition, the inconvenience to patients is considerable and many are reluctant to go to hospital. The aims of implementing Xpert MTB/RIF on the MHU are to: 1) rapidly identify cases of active TB, with accompanied referral to link them to care and commence treatment the same day; 2) reduce the risk of patients disengaging from services and becoming lost to follow-up; and 3) prevent unnecessary referrals to secondary care. The new pathway using the Xpert MTB/RIF assay for patients with radiological abnormalities (figure 1) has been well received by staff and patients. In addition to enabling simple and safe POC diagnosis, this pathway exploits the high negative predictive value of Xpert MTB/RIF [8] .
Patients able to produce a voluntary sputum sample who have a negative Xpert MTB/RIF result can be assessed as presenting an extremely low transmission risk and be further investigated for TB or other respiratory disease in the community, including patients with a false negative Xpert MTB/RIF result who are more likely to be smear negative and therefore less likely to be infectious [9] .
This novel approach enables safe processing of sputum specimens in the community, without the need for containment facilities or a microbiological safety cabinet. We believe this is the first example of a molecular diagnostic test for TB being used in the community at the POC for socially vulnerable and excluded TB patients in Europe. This affordable technology has the potential to improve biosafety measures in high TB burden countries where GeneXpert is often used outside laboratory settings in areas where containment measures are not adopted for direct Xpert testing and achieving adequate ventilation for safe handling of specimens may be challenging [10] . New smaller, portable, battery-powered devices that run one GeneXpert cartridge (i.e. the GeneXpert Omni [11] ) will further enable POC TB molecular diagnosis to be performed in other settings where rapid confirmation of pulmonary disease is highly advantageous and barriers to further diagnostic testing are operationally and financially challenging, such as in prisons and custodial settings. 
